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(57) Abstract 

There is provided a method of dechucking from an electrostatic chuck a su bstrate held by one or more residual forces to the chuck, 
the method comprising the steps of: ^a> reducing a residual chucking force due to the electrostatic chuck polarisation; (b) contracting the 
chuck with the substrate att arhM jjhereto with a plasma for a time sufficient substantially to rem ove any residual charge fromlhe surface bt 
the substrate and the chuck: and fc) subsequently to. or simnlhmftnns iv with, step m rembvirifiThe substrate from the chuck. Also disclosed 
is an apparatus for performing the method. 
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METHOD AND APPARATUS FOR DECHUOONO A SUBSTRATE FROM AN ELECTROSTATIC CHUCK 

This invention relates to a method and apparatus for 
dechucking a substrate particularly, although not 
exclusively, a semi-conductor wafer from an electrostatic 
chuck. 

Electrostatic chucks have been used to hold semiconduc- 
tor wafers and other materials whilst processing in a vacuum 
chamber. Electrostatic chucks have been used in some cases 
in preference to mechanical clamping devices to avoid the 
need for fingers or the like which may damage the surface of 
the wafer. However, with the use of electrostatic chucks, 
it has been found that residual forces holding the wafer to 
the chuck exist even after the clamping voltage is removed 

after processing. 

US 5684669 and US 5325261 disclose methods aimed at 
minimising the residual electrostatic force between the 
wafer and chuck by applying a voltage, which is typically of 
the same polarity as (but smaller than) the chucking 
voltage, during release of the wafer. US 5684669 uses the 
leak rate of gas which seeps through the gap between the 
wafer and the chuck to measure the residual force indirect- 
ly. US 5325261 monitors the extent of the residual force 
indirectly by measuring the chuck capacitance. 

US 5221450 discloses an electrostatic chucking method 
in which a chuck is immersed in a plasma without the wafer 
on it in order to remove the remaining charges before the 
next wafer is held. 
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It has been found that th re are two main sources of 
stiction in an electrostatic chuck. The first of these 
discussed above is the residual electrostatic polarisation, 
of the dielectric material of the electrostatic chuck itself 
which causes bound surface charge to bind the wafer by 
electrostatic attraction. The second source relates to 
residual free charges which are due to either leakage 
current through or from the surface of the chuck dielectric 
or derived from the process itself, which reside on the 
chuck or the wafer surface. Whilst the first problem is 
addressed by the methods described in US 5325261 and US 
5684669. it has been found that these methods do not work in 
an entirely satisfactory manner as they do not address the 
issue of the second source of stiction before or during 

15 wafer removal. 

According to a first aspect of the. present invention, 
there is provided a method of dechucking from an electro- 
static chuck a substrate held by one or more residual forces 
to the chuck, the method comprising the steps of: 

(a) reducing a residual chucking force due to the electro- 
static chuck polarisation; 

(b) contacting the chuck with the substrate attached 
thereto with a plasma for a time sufficient substantially to 
remove any residual charge from the surface of the substrate 

25 and the chuck; and 

(c) subsequently to, or simultaneously with, step (b) 
removing the substrate from the chuck. 

Preferably, the chuck with the substrate attached 



20 
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thereto is substantially immersed in the plasma. 

The contact w ith or immersion in the plasma may be ■ 

carried out in any suitable manner, specific examples being 
imm^sicTin a driven plasma and immersion in, for example, 
a downstream plasma. Discharging works, for example, both 
with a coil discharge and a coil and a platen discharge. 

The residual chucking force may be the residual 
electrostatic polarisation referred to above. 

The residual chucking force may be minimised by any 
method known in the art, in particular the methods disclosed 
in US 5325261 and US 5684669, and it is therefore not 
proposed to discuss these in further great detail here. 
However, it is preferred that the chucking force is 
minimised by applying a first voltage to the chuck. In a 
particular embodiment, the preferred magnitude of the first 
voltage is determined by ramping the voltage down, .whilst 
measuring the extent to which the substrate is held to the 
chuck. Preferably, when a minimum in the residual chucking 
force is found, the preferred magnitude of the first voltage 
is held for a desired period. The extent to which the 
substrate is held may be measured by, for example, the 
methods disclosed in US 5325261 or US 5684669. For example, 
US 5325261 monitors the extent of the residual force by 
measuring the chuck capacitance, as mentioned above. The 
value of the capacitance depends on how closely the 
substrate is held to the chuck. As substrates, particularly 
in the form of wafers, may have some degree of bowing, the 
force holding the substrate to the chuck may be counteracted 
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by internal stress in the substrate. As the residual 
clamping force decreases, the substrate's natural bow is 
restored and as this happens the substrate capacitance may 
decrease. Alternatively, as described in US 5684669, the 
residual force may be monitored by measuring the leak rate 
of a gas which seeps through the gap between the substrate 

and the chuck. 

The chuck may be of any appropriate form. Thus, it may 
be flat as disclosed in US 5325261. Alternatively, it may 
have one or more steps on its upper surface adjacent the 
substrate, as also disclosed in US-A-5325261, for example 
around the periphery of the upper surface. 

It is to be noted that, in the method of the present 
invention, the substrate is still present on the chuck on 
immersion in a plasma. It may also be subsequently lifted 

whilst being immersed .in a plasma ... .. . ..... . 

Any S uitable _plasma can be used for the contactor 
im mersion.^ For example, argon or another inert gas may be 
-'present to prevent further etching of the substrate. SF S 
and/or other electronegative gases (eg. oxygen) may be 
present in the plasma and may improve charge removal . Any 
suitable power which sustains a plasma may be used, but 
typical examples are within the range SOW to 800W. 

The_tim e_ sufficient to remove the residual charge may 
be d etermined by monitor iiig-J-.h e capacitance of the chuck du e 
to the_proximit y_of the substrate^ Any_t jmp m a y be app U^ 
ca ble, but it is typically in the ran ge of between about one 
second and one minute. It has been found that, in one 
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embodiment, the time sufficient substantially to remove the 
residual charge is typically about one second. 

Preferably, a second voltage is applied to the chuck 
during contact of the chuck and substrate with the plasma. 
Whilst any suitable voltage may be used (including a zero 
voltage) for the second voltage, in a preferred embodiment 
it is the same as the first voltage. 

The applicant has found that reversing steps (a) and 

(b) of the method of the invention does not lead to effi- 
cient removal of the residual charges. 

According to a second aspect of the present invention, 
there is provided an apparatus for performing the method 
described above comprising: 

(a) a chamber within which a substrate held on an electro- 
static chuck may be processed; 
..(b)... means for reducing a residual force due to. the. electro- 
static chuck; and 

(c) means for providing a plasma to contact the chuck with 
the substrate attached thereto or being removed therefrom 
for a time substantially to remove any residual charge from 
the surface of the substrate and the chuck. 

The apparatus may further comprise means for removing 
the substrate from the chuck. In a preferred embodiment, 
means may be provided to apply a voltage to the chuck. 

Although the invention has been defined above, it is to 
be understood that it includes any inventive combination of 
the features set out above or in the following description. 

The invention may be performed in various ways and a 
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specific example will now be described, by way of example, 
with reference to the accompanying drawings, in which: 

Figure 1 is an enlarged cross sectional view of one 
embodiment of the electrostatic chuck and wafer; and 

Figure 2 is a schematic view of one embodiment of an 
apparatus used in accordance with the invention. 

Referring to Figure 1, there is shown an el ectrostatic 

chuck generally a t 1. The chuc k 1 comprise s a dielectric 

cr 

insulator portio n 2 having a reference electrode 3 mounted 
on ^its^J^Hfir-Surface . Th^^dTel ectric po rtion 2 has, jrfithin^ 
its body, electrodes 4 a nd 5. A lthough it is not shown in 
theTdrawings, a step may be formed around the periphery of 
the upper surface of the chuck (this aids dechucking by 
deliberate bow of a wafer positioned on the chuck) . 
Positioned over the electrostatic chuck 1 is a semi conduc- 

.tor jtfaf e r^6 . . , 

In use, when a voltage is applied to the electrodes 4 
and 5, the wafer 6 is held against the upper surface of the 
chuck 1. Chuck 1 is placed upon the electrode 3 which can 
either be driven (rf or dc power) or grounded or allowed to 
electrically float. Indeed chuck 1 can replace the elec- 
trode 3 completely in some applications. The applied power 
to the electrode surface serves (in a triode configuration) 
to independently (from the plasma excitation power input) 
bias the electrode to a potential with respect to the 
grounded surfaces. This potential is typically used to 
drive ions towards the workpiece. 

When the wafer 6 is held to the electrostatic chuck 1 
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in the manner described above, processing of the wafer, for 
example by etching or deposition, may be carried out by 
methods known in the art. 

Figure 2 shows one embodiment of an apparatus in 
5 accordance with the invention. A vacuum chamber is shown 
generally at 7 having the support electrode 3 on which is 
positioned the electrostatic chuck 1. Also within the 
chamber is a spaced electrode 8. The wafer 6 is held 
against the chuck 1 by electrostatic forces as described 

10 above. It may be cooled by backside cooling means (not 
shown) . The chamber 7 is surrounded by a coil 9 and fed by 
an RF source 10 which is used to induce a plasma in the 
chamber 7 between electrodes 3 and 8 during processing. 
When immersion in a plasma occurs the inductive discharge in 

15 the specific example is typically about 13cm above the wafer 
with RF power applied, to .the. chuck 1 and wafer 6, although . 
any value could be used for example from a few cm to greater 
than 20cm. The chamber is provided with a gas inlet port 11 
through which deposition or etched gases, for example, can 

20 be introduced and an exhaust port 12 for the removal of 
gaseous process products and any excess process gas. The 
operation of such a reactor in terms of the processing (eg. 
etch/deposition) of the wafer 6 is well known in the art. 

Once processing of the wafer 6 has been carried out and 

25 it is required to dechuck (remove) the wafer 6 from the 
chuck 1 , a value of voltage is determined which may be 
applied to the electrodes 4 and 5 . The magnitude of this 
voltage can be found by any appropriate means, but one 
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example is by ramping the clamping voltage down whilst 
measuring the extent to which a wafer is clamped, that is by 
indirect measurement of the residual clamping force. One 
example of how this may be carried out has been used in US 
5 5325261. When a minimum in the clamping force is indicated 
the voltage is held at this level. However, as indicated 
above, the present invention further reduces the stiction in 
any electrostatic chuck by reducing the residual free 
charges, due to either leakage current through the chuck 
10 dielectric 2 or derived from the process itself, which 
reside on the chuck and/or wafer surface. Thus, as a subse- 
quent step, the wafer 6 on t he electrostatic chuck 1 i s 
»' immersedl_jgu-a plasm g^ within chamber 7 for a time suf f i - 
c i ent to remove the residual charge from the surface of the 
15 wafer and the surface of the_^ectrostafeie — chuck whi ch 



period is ,about_l seco nd in „one embodiment . ^Th^^mmersion . , 
may be in a driven plasma or, for example, a downstre am 
plasma. A voltage which is found to cancel the residual 
polarisation as^described in US 5325261 may be applied to 

20 electrodes 4 and 5 in chuck 1 whilst the wafer is immersed 
in the discharge plasma. However, the voltage can be set to 
zero during the discharge and then reapplied for removal of 
wafer 6. Alternatively, the wafer may be removed during the 
plasma discharge. 

25 When immersion in a downstream plasma occurs the 

inductive discharge in the example is typically about 13cm 
above the wafer with no RF power applied to the wafer. 
Alternatively, the inductive discharge may typically be 
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about 13cm above the wafer with RF power applied to the 
chuck 1 and wafer 6. In both cases, again, any value could 
be used, for example from a few cm to greater than 20cm. 
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CLAIMS 

1. A method of dechucking from an electrostatic chuck a 
substrate held by one or more residual forces to the chuck, 
the method comprising the steps of: 

5 (a) reducing a residual chucking force due to the 

electrostatic chuck polarisation; 

(b) contacting the chuck with the substrate attached 
thereto with a plasma for a time sufficient substantially to 
remove any residual charge from the surface of the substrate 

10 and the chuck; and 

(c) subsequently to, or simultaneously with, step (b) 
removing the substrate from the chuck. 

2. A method according to Claim 1, wherein the chuck with 
the substrate attached thereto is substantially immersed in 

15 the plasma. 

3.. A method according to Claim 1 or 2, wherein, the chuck., 
is contacted with the plasma by immersion in a driven plasma 
or immersion in a downstream plasma, 

4. A method according to any preceding claim, wherein the 
20 chucking force is reduced by applying a first voltage to the 

chuck . 

5. A method according to Claim 4, wherein the preferred 
magnitude of the first voltage is determined by ramping the 
voltage down whilst measuring the extent to which the 

25 substrate is held to the chuck. 

6. A method according to Claim 5, wherein, when a minimum 
in the residual chucking force is found, the preferred 
magnitude of the first voltage is held for a desired period. 
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7. A method according to Claim 5 or 6, wherein the extent 
to which the substrate is held to the chuck is monitored by 
measuring the chuck capacitance. 

8. A method according to Claim 5 or 6 f wherein the extent 
5 to which the substrate is held to the chuck is monitored by 

measuring the leak rate of a gas which seeps through the gap 
between the substrate and the chuck. 

9. A method according to any preceding claim, wherein the 
plasma comprises argon, another inert gas, SF 6 and/or an 

10 electronegative gas. 

10. A method according to any preceding Claim, wherein a 
time sufficient to remove the residual force is determined 
by monitoring the capacitance of the chuck due to the 
proximity of the substrate. 

15 11. A method according to any one of Claims 4 to 10, 
wherein a second voltage is applied to the . chuck . during, 
contact of the chuck and substrate with the plasma. 
12. A method according to Claim 11, wherein the second 
voltage is the same as the first voltage. 

20 13. An apparatus for performing the method according to any 
preceding Claim, the apparatus comprising: 

(a) a chamber within which a substrate held on an 
electrostatic chuck may be processed; 

(b) means for reducing a residual force due to the 
.25 electrostatic chuck; and 

(c) means for providing a plasma to contact the chuck 
with the substrate attached thereto or being removed 
therefrom for a time substantially to remove any residual 
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charge from the surface of the substrate and the chuck. 

14. An apparatus according to Claim 13, further comprising 
means for removing the substrate from the chuck. 

15. An apparatus according to Claim 13 or 14, further 
comprising means to apply a voltage to the chuck. 
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